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Executive summary
Part I of this working paper classifies small ruminant sub-systems in the mixed crop livestock system in Ethiopia. In 
Part II, important determinants of small ruminant productivity and producers’ input use and marketing strategies were 
analysed across the six small ruminant sub-systems identified in Part I. Classification of livestock production systems 
forms a useful framework for the spatial targeting of development interventions. Household and community level data 
collected from Southern Nations, Nationalities, and People's Region (SNNP), Amhara, Tigray and Oromia regional 
states, 31 districts, 497 communities and 2621 households were used to classify small ruminant sub-systems using 
principal components and cluster analyses. Exploratory analysis indicated variation and a clear structuring in livestock 
species and small ruminant flock composition and flock size in the mixed crop-livestock system. The variations were 
related to agro-ecologies and cropping patterns. Cluster analysis identified six clusters which were designated as 
sub-systems in the mixed crop-livestock system. The sub-systems were named following the dominant small ruminant 
species (sheep versus goat) and the degree of intensity/extensiveness of small ruminant production. The sub-systems 
were spatially characterized and described in terms of producers input use and marketing practices. Small ruminant 
production in Ethiopia could be classified into two systems (mixed crop-livestock and agro/pastoral) with six sub-
systems within the mixed crop-livestock system or into seven systems (the six sub-systems and pastoral/agro-pastoral 
system). 
Information on variations in producers’ input use and marketing strategies. as well as in the level of small ruminant 
productivity across farming systems. is essential for better targeting of agricultural research and development 
interventions. Analysis of households’ socio-economic characteristics and farm scale as determinants of small ruminant 
productivity and farmers’ decisions on input use and marketing, fitting a generalized regression model to the data, 
showed that there are variations among the identified six sub-systems in the level of small ruminant productivity and 
producers’ input use and marketing strategies. Both the households’ socio-economic characteristics, such as gender 
and literacy status and scale of production (e.g. flock size and landholding), were found to determine input use and 
marketing behaviours of producers.
The classification of small ruminant systems identified in this study would inform the development of strategies and 
formulation of targeted value chain interventions. The six sub-systems vary in the level of small ruminant productivity, 
producers input/service use, and marketing behaviours. This calls for system-specific targeting approach for small 
ruminant development, as well as a value chain approach, addressing constraints at critical leverage points across 
the small ruminant value chain and targeting appropriate producer groups (gender, literacy, etc.) for introducing 
technological interventions.
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1. Introduction
Classification of livestock production systems or constructing typology of farms is a tool to deal with farm diversity 
and variability. It forms a useful framework for the spatial targeting of development interventions (Notenbaert et 
al. 2009). Ruthenberg (1980) defined farming system as groups of farms which have a similar structure and function 
and can be expected to produce on similar production functions; and livestock system as a subset of the farming 
systems, including cases in which livestock contribute more than 10% to total farm output in value terms or where 
intermediate contributions such as animal traction or manure represent more than 10% of the total value of 
purchased inputs.
Classification of farming systems in Ethiopia mostly lack quantitative indicators or basis. Livestock farming systems 
in Ethiopia are commonly classified parallel to and sometimes as part of crop production systems. Besides, although 
there have been some attempts to describe livestock systems in relation to cropping patterns (e.g. Gizaw et al. 2010), 
there are inconsistencies in description of livestock production systems with the same system being described as 
mixed crop-livestock (Menbere 2014a) or in relation to specific cropping pattern such as Enset (Ensete ventricosum) 
based system (Menbere 2014b). Small ruminant production systems in Ethiopia are generally classified under broad 
categories of mixed crop-livestock system and pastoral/agro-pastoral system. The mixed crop-livestock systems 
category, in the Seré and Steinfeld (1996) world livestock systems classification, can be disaggregated and distinguished 
by the type of main crops grown in them and the type of livestock prevailing (Notenbaert et al. 2009). The mixed 
crop-livestock system covers the whole region in the highlands of Ethiopia. Although the pastoral/agro-pastoral system 
in Ethiopia represent generally homogenous groups, there are indications from the literature that there could be 
variations in the mixed crop livestock system.
Various criteria have been used to classify livestock systems, including integration with crops (intensity of cropping, 
potential for crop production, types of crops), relation to land (land-based/grazing and mixed systems and landless/
industrial, feedlot systems), contribution to livelihoods, agro-ecological zone, and degree of market orientation or 
intensification (Seré and Steinfeld 1996; Notenbaert et al. 2009), and intensity of factor use (McDermott et al. 1999). 
It has been found that household socio-economic and farm characteristics, as well as geographic locations, determine 
use and demand for inputs (Diego et al. 2015; Moti et al. 2015; Menbere 2015ab). The above facts imply that there are 
variations in input use and marketing strategies among topologies of farming systems. Information on such variations 
is essential for better targeting agricultural research and development interventions. This working paper classifies 
small ruminant sub-systems in the mixed crop livestock system in Ethiopia in Part I of the paper. In Part II, important 
determinants of small ruminant productivity and producers’ input use and marketing strategies were analysed across 
the six small ruminant sub-systems identified in Part I.
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2. Material and method
2.1 Description of data
This study was based on analysis of data collected by the Livestock and Irrigation Value Chains for Ethiopian 
Smallholders (LIVES) project baseline surveys in 2014 in Ethiopia. The survey covered four regional states (Oromia, 
Tigray, SNNPR and Amhara), 31 woredas, 497 PA (peasant associations, smallest administrative unit in Ethiopia) and 
5004 households. Two types of data were collected: Household level (household crop and livestock production, input 
use and marketing characteristics) and PA level (agro-ecological variables, grazing resources, and livestock data). Both 
household and community data were utilized for this study. Data from 2621 households which kept either or both 
sheep and goat during the survey were used for the analysis. New variables were derived from original variables in 
the survey questionnaires. These included flock descriptor variables, flock productivity (annual reproduction rate, 
mortality rates) and net commercial offtake rates.
2.2 Part I: Classification of small ruminant sub-systems
Exploratory analysis
A preliminary exploratory analysis was run to explore the data for variation in small ruminant production practices 
and pattern of the variation in the dataset. The aim of this analysis was to identify criteria for classifying small ruminant 
production sub-systems within the mixed crop-livestock system in the highlands of Ethiopia. Review of the literature 
on classification of livestock systems (Seré and Steinfeld 1996; Notenbaert et al. 2009) indicated that agro-ecology and 
cropping systems are related to livestock systems or determine patterns in livestock production. First, correlation 
analysis was conducted to establish the relationships between the variables in the dataset. Further, principal 
components analysis was conducted using variables describing agro-ecological zones, cropping practices and small 
ruminant flock characteristics to identify variables that would explain the variation in the dataset used in this analyses. 
The analysis was also used to calculate statistics for general description of the mixed crop-livestock system where the 
surveys were carried out.
Cluster analysis and classification of sub-systems 
Principal component analysis was conducted to summarize the data and to derive few variables (principal components, 
PCs) that would explain most of the variation in the data. A two-step cluster analyses with automatic selection of the 
number of clusters as implemented in SPSS version 20 (2011) was used for clustering households into homogenous 
groups using cluster analysis. The criteria used for the cluster analysis included eight PCs as continuous variables, 
agro-ecological zones with 10 categorical classes, and cropping system with four categorical classes. The cropping 
systems were classified as cereal system consisting of highland and lowland cereals, enset (Ensete ventricosum) system 
(with or without cereals), coffee system (sole coffee or also growing cereals), and enset-coffee (or coffee-enset) 
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system. The clustering criteria were selected to reflect importance of small ruminants relative to other farm animals, 
relative importance within small ruminants (i.e. sheep vs. goats), integration with crops (cropping patterns), flock size, 
management practices (extensive grazing system vs. semi-intensive tethering system), degree of market orientation or 
intensification (use of external inputs and marketing strategies) and agro-ecology. The derived clusters were further 
characterized by more indicators that would reflect the above classification criteria. Clusters generated by the analysis 
were then grouped into fewer clusters based on their similarities to define sub-systems of small ruminant production 
in the Ethiopian highlands. The variables used in the study are listed in Table 1.
Table 1. Variables used in principal component analysis
Variables Category/Description
Ratio of sheep to cattle Importance of sheep relative to cattle
Ratio of goat to cattle Importance of goat relative to cattle
Proportion of sheep to goat (community level) Importance of sheep relative to goat
Proportion of sheep to goat (household level) Importance of sheep relative to goat
Household sheep flock size Intensity of small ruminant production
Household goat flock size Intensity of small ruminant production
Proportion of breeding females Management/breeding practice
Proportion of breeding males Management/breeding practice 
Ratio of communal grazing land to total land Grazing management 
Ratio of private grazing land to total land Grazing management
External input used for small ruminant production as 
proportion of total purchased
Input use
External input used for small ruminant fattening as 
Proportion of total purchased
Input use
Kg of concentrate fed per day for small ruminants Input use
Kg of crop residue used for small ruminants Input use
Household land holding Intensity of cropping
Cereal yield (kg/ha) Intensity of cropping
Offtake rates Market participation
Proportion of lambs sold of total sold Marketing strategy
Proportion of adult males sold of total sold Marketing strategy
Value of small ruminant sold Market participation
2.3 Part II: Analysis of determinants of productivity, input use 
and marketing
Two types of analyses were conducted, namely overall analysis across the six sub-systems in the mixed crop-livestock 
system and nested design analysis where exploratory variables were nested within the six sub-systems to identify 
system-specific constraints. Factors that would determine small ruminant productivity, producers’ input use and 
marketing practice(Table 2) were analysed. The factors broadly included producers characteristics, access/use of 
inputs/services, and farm scale. The data was analysed fitting a generalized regression model as implemented in SPSS 
version 20 (2011) with log transformation of the data since the data did not conform to normal distribution. The 
variables used in the analysis are presented in Table 2. The variables were used as either explanatory, dependent or 
both as explanatory and dependent variable depending on the type of analysis.
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Table 2. Explanatory and dependent variables used in to identify determinants of input use, productivity and  
marketing practices of smallholder farmers in Ethiopia
Explanatory/dependent Category/variable Unit
Input use
Explanatory/dependent Purchased inputs used for small ruminant production %
Explanatory/dependent Purchased inputs used for small ruminant fattening %
Explanatory/dependent Concentrate supplement kg/day per animal
Explanatory/dependent Crop residue supplement kg/day per animal
Explanatory variables Availability of hay in PA categorical
Explanatory variables Availability of purchased concentrate in PA categorical
Explanatory variables Distance to nearest veterinary service minute
Explanatory variables Distance to nearest water source in dry season minute
Productivity
Dependent Annual reproduction rate (number born per female 
joined)
%
Dependent Lamb/kid Mortality rate %
Household head characteristics
Explanatory variables Gender (male or female) Categorical
Explanatory variables Primary occupation (livestock keeping or other) Categorical
Explanatory variables Literacy (read/write or not) Categorical
Explanatory variables Household size Number
Explanatory variables Household head age number
Farm characteristics
Explanatory variables Ratio of private grazing to total land ratio
Explanatory variables Stocking rate (number of small ruminants per ha) number
Explanatory variables Household land holding ha
Explanatory variables Small ruminant flock size number
Marketing practices
Dependent Offtake rate %
Dependent Proportion of young animals sold %
Dependent Proportion of adult animals sold %
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3. Results and discussion
3.1 Part I: Classification of small ruminant sub-systems
Variation and patterns in mixed crop-livestock system
Agro-ecological patterns of small ruminant production
Agricultural production systems are largely determined by agro-ecological elements, socio-economic circumstances 
of farmers/pastoralists and market forces. The former two factors appear to be the major determinants of producers’ 
production and marketing strategies in Ethiopia, market forces having limited influence on the traditional production 
systems which are largely smallholder systems with highly limited market orientation. For instance, maize stover 
utilization in Ethiopia was found to be co-determined by biomass production of maize and other cereals, extension 
advice on crop residue utilization, livestock ownership, farm size and agro-ecology (Moti et al. 2015). Correlation 
analysis (Table 3) showed that agro-ecological zones and cropping systems are significantly correlated with livestock 
compositions (cattle vs. small ruminants), small ruminant flock composition (sheep vs. goat), small ruminant flock sizes, 
and grazing resources which could indicate grazing management practices. This correlations should indicate that agro-
ecologies influence relative importance of alternative livestock enterprises and scale of livestock production. Further 
exploration with principal component analysis (Table 4) indicated that agro-ecological variables and cropping patterns 
are highly related with the four principal components (PCs) which had eigenvalues of greater than one. This indicates 
that agro-ecological zones in combination with cropping systems explain the variation in small ruminant and cattle 
composition, small ruminant flock composition, small ruminant flock sizes, and grazing management practices. Spatially 
delineating landscapes with broadly similar production strategies, constraints and investment opportunities (Seré and 
Steinfeld 1996) and inclusion of crop-specificity and intensification (Notenbaert et al. 2009) have been used to classify 
livestock production systems in developing countries.
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Table 4. Rotated component matric from principal component analysis
 Variables
Relationships of PCs to variables
1 2 3 4
Altitude .822 -.236 -.314 -.142
Temperature -.808 .104 .395 .132
Rainfall .238 .796 -.177 -.051
Ratio of communal grazing area to total area -.078 -.101 .658 -.015
Ratio of private grazing area to total area .196 -.156 -.585 -.091
Household cereal cropping area (ha) -.223 .179 -.083 .829
Cereal yield per ha .079 .273 .376 -.207
Household coffee cropping area (ha) -.065 .559 .135 -.104
Household enset cropping area (ha) .063 .246 -.518 -.224
Proportion of sheep to cattle .836 -.130 .048 -.007
Proportion of goat to cattle -.677 -.548 .112 -.030
Proportion of sheep to goat (community level) .880 .314 -.079 .001
Proportion of sheep to goat (flock level) .601 .261 .063 -.045
Flock size (goat) -.031 -.166 .074 .471
Flock size (sheep) .199 -.350 .196 .473
Exploration of the data regarding relationships between agro-ecological variables and livestock production showed a 
clear structuring in the data collected in this study across a wide area which falls within the farming system classified 
traditionally as the mixed crop-livestock system. The proportion of sheep relative to cattle increased with increasing 
altitude (Figure 1). The exploratory analysis also showed that composition of small ruminant flocks is determined by 
rainfall patterns. The percentage of sheep in small ruminant flocks relative to goats is on the average higher in higher 
rainfall areas (Table 5), the average percentages being 41.7% in drier, 58.2% in moist, and 81.3% in wetter highland, 
midland and lowland areas. Regressing percentage of sheep in small ruminant flocks on average daily temperature and 
rainfall gave significant regression coefficients of -0.16 and 0.34, respectively. However, both sheep and goats seem 
to be more important in dry areas; average flock sizes in dry, moist and wet zones were 6.4, 5.4 and 3.5 for sheep 
and 7.6, 3.6 and 2.4 for goat. Regression coefficients of sheep flock size on temperature and rainfall were -0.22 and 
0.36. The above results show that small ruminants are more important than large ruminants in the densely populated 
higher altitude areas and are important livelihood sources for people in marginal dry areas with less crop production 
potential. Furthermore, small ruminants seem to be more important for the poor. Correlations of flock sizes with 
ownership of horses and mules (indicators of wealth) and land holding were found to be low (r=-0.0016 and 0.10).
Figure 1. Ratio of sheep to cattle (y-axis) across altitude ranges (x-axis) in mixed crop-livestock system in Ethiopia.
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Agro-ecological patterns of grazing resources
Ratio of the area of communal grazing lands over total agricultural land in a PA could be an approximate indicator 
to the type of grazing management and degree of intensity of small ruminant production. Larger ratios may indicate 
grazing-based extensive systems of small ruminant management. The data from the current study strongly indicate that 
grazing-based extensive system could be a major mode of production in drier areas. The average ratio of communal 
lands to total lands increased from 0.062 in wet areas through 0.062 in moist areas to 0.127 in dry agro-ecologies 
(Table 5). Relationship between grazing resources and small ruminant population is depicted in small ruminant density 
map in Figure 2.
Table 5. Average livestock composition (cattle, sheep, and goat), small ruminant flock composition, flock sizes and 
grazing resources across agro-ecological zones in the mixed crop-livestock production system in the highlands of 
Ethiopia
Livestock composition* Flock composition Flock size
CGLAEZ Sheep Goat Shoat1 Shoat2 Sheep Goat Shoat
Dry highland 0.28 0.14 0.68 0.81 6.70 7.19 7.67 0.13
Dry lowland 0.09 0.21 0.19 0.24 6.64 7.94 9.64 0.14
Dry mid-highland 0.16 0.24 0.38 0.44 6.00 7.58 8.32 0.12
Moist highland 0.23 0.08 0.78 0.86 5.69 3.88 5.98 0.03
Moist howland 0.03 0.22 0.13 0.27 4.39 4.50 4.95 0.13
Moist mid-highland 0.13 0.15 0.48 0.55 4.15 4.69 4.85 0.08
Moist subalpine (Wurch) 0.38 0.04 0.94 0.91 7.37 1.36 7.18 0.00
Wet highland 0.32 0.04 0.90 0.94 3.60 2.17 3.55 0.07
Wet lowland 0.26 0.09 0.79 0.75 3.33 2.00 3.00 0.01
Wet mid-highland 0.19 0.08 0.74 0.88 3.58 3.23 3.95 0.12
* Livestock composition: ratio of sheep or goat to cattle. Flock composition: proportion of sheep to goat at community level (shoat1) and at flock level 
(shoat2). Flock size: average sheep, goat and mixed sheep+goat flock sizes. CGL: ratio of communal grazing land to total community land.
Figure 2. Small ruminant density (number of sheep and goat per square km).
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Cropping systems and small ruminant production 
A clear cropping pattern can be discerned from Table 6. The major crops in the dry midlands and dry highlands are 
highland cereals. The moist and wet highlands grow both cereals and enset (Ensete ventricosum), while the moist and 
wet midlands grow either or both cereals and perennial crops (coffee and enset-coffee mixed) depending on rainfall 
and temperature regimes. These patterns are indicative of intensity of cropping which impact on the intensity of 
livestock production. For instance, there is larger communal grazing land, larger sheep and goat flocks (Figure 3) and 
more sheep than cattle in cereal system compared to enset system.
The above exploratory analyses combined indicated that livestock species composition and flock size in combination 
with agro-ecologies and cropping systems can be used to discern patterns and classify sub-systems within the broader 
crop-livestock system in Ethiopia. This result is in accordance with description of small ruminant systems in relation 
with agro-ecologies and cropping systems as reviewed by Gizaw et al. (2010) and the use of these variables in the 
classification of world livestock systems.
Table 6. Cropping systems across agro-ecological zones–Number of households growing cereals, 
enset-coffee, coffee and enset in the mixed crop-livestock production system
Cereal Enset Coffee-enset Coffee
Dry highland 199 0 0 0
Dry mid-highland 609 0 0 0
Dry lowland 19 0 0 0
Moist highland 308 132 7 0
Moist mid-highland 554 31 56 6
Moist lowland 48 6 4 11
Moist subalpine (Wurch) 25 0 0 0
Wet highland 47 34 11 3
Wet mid-highland 228 17 80 42
Wet lowland 1 0 1 2
Figure 3. Sheep and goat flock sizes in different cropping systems in mixed crop-livestock system in Ethiopia
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Small ruminant sub-systems
Principal components extracted
Principal component analysis was conducted on 20 variables listed in Table 1 to extract a smaller number of underlying 
variables (PCs) that explain the pattern of correlations within the 20 variables. The variables selected were supposed 
to reflect characteristics of production systems. These included relative importance of alternative livestock enterprises 
to producers’ livelihoods, flock characteristics and management practices, and degree of market-orientation, which 
included input use and marketing strategies. Eight PCs that had eigenvalues of >1.0 were extracted (Table 7). The PCs 
explained 61.2% of the total variation in the data. This analysis did not meet one of the aims of principal component 
analyses, which is reduction of variables to a minimum of 1-3 PCs that can explain a greater per cent of the total 
variation. This shows that there is high variability in the mixed crop-livestock system which justified the need for sub-
classification of the mixed crop-livestock system. Such high diversity could also be the case in other similar systems 
which resulted in extraction of large number of PCs (Usai et al. 2006).
Table 7. PCs extracted and per cent of variance explained
Component
Initial eigenvalues
Total % of Variance Cumulative %
1 3.046 15.228 15.228
2 2.017 10.084 25.312
3 1.435 7.176 32.489
4 1.312 6.559 39.048
5 1.181 5.906 44.953
6 1.128 5.638 50.591
7 1.087 5.434 56.026
8 1.036 5.182 61.208
9 .991 4.953 66.161
10 .909 4.546 70.707
11 .908 4.541 75.247
12 .846 4.230 79.477
13 .807 4.034 83.511
14 .751 3.753 87.264
15 .700 3.499 90.763
16 .550 2.752 93.514
17 .462 2.312 95.827
18 .401 2.005 97.832
19 .385 1.926 99.758
20 .048 .242 100.000
Clustering of households
The cluster analysis produced eight clusters (Table 8). A clear pattern in the proportion of sheep and goats in 
small ruminant flocks, flock sizes, and grazing management were discerned among the eight clusters. The clusters 
corresponded to the ten agro-ecologies and four cropping systems. Higher sheep to goat ratios were found in 
highland and wetter areas. Households in cereal areas were clustered together in clusters 1, 2, 3, 4 and 7. These 
clusters have 99.6 to 100% of their members from cereal growing areas. About 60% of the members in cluster 6 were 
coffee-enset growers, while the rest were enset and cereal growers. Cluster 5 represented the enset system, with 
71.3% of its members being enset growers and the rest coffee-enset and cereal growers. Members of cluster 8 were 
cereal (57.6%) and coffee growers.
Areas with large communal grazing lands clustered together. These clusters (clusters 1, 4, 7 and 8 in Table 8) are 
found in drier areas (dry highland and dry/sub-moist midlands and lowlands) growing cereals and keeping large flocks. 
The above criteria when combined together indicate extensive systems of production. Conversely, households in 
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perennial crop areas and wetter areas with high cropping potential, with smaller proportions of communal grazing 
lands of the total land, and keeping small flocks, were clustered together (cluster 3, 5 and 6). These characteristics are 
indicative of semi-intensive systems, probably with tethering practice as is common in the southern regions. 
Sub-systems identified
Taking into consideration the patterns discussed above, similar clusters with respect to the classification criteria were 
combined to result in six distinct clusters and designated as sub-systems in the mixed crop-livestock system. The 
identified sub-systems were named following the dominant small ruminant species (sheep vs. goat) and the degree of 
intensity/extensiveness of small ruminant production based on household flock sizes and ratio of communal grazing 
land to total agricultural land. The sub-systems can be broadly classified in terms of the dominant small ruminants 
(sheep, goat, sheep-goat or goat-sheep subsystems), agro-ecology (highland subsystems, midland subsystems and 
lowland subsystems), or flock management levels (extensive, semi-extensive, and semi-intensive/tethering). The six 
sub-systems identified and suggested nomenclature are presented in Table 9.
Table 8. Mean values of variables that describe flock characteristics, grazing management, agro-ecologies, and cropping 
systems of eight clusters of households identified from cluster analysis
Clusters Sheep1 Sheep2
Sheep 
flock
Goat 
flock
CGL Altitude Temp. Rainfall
Cereal 
(ha)
Enset 
(ha)
Coffee 
(ha)
Clusters 
merged
1 .16 38.2 6.0 7.6 .118 1941 18.8 689 4.9 .00 .00 V
2 .13 46.1 4.6 5.0 .090 1938 18.5 1050 5.9 .00 .004 V
3 .25 75.4 6.6 4.4 .035 2588 14.6 1124 4.6 .00 .00 II
4 .29 70.7 6.7 6.7 .111 2524 15.7 660 1.9 .00 .00 I
5 .24 86.5 3.4 2.6 .034 2593 14.1 1404 2.5 .78 .06 III
6 .17 65.0 2.3 2.1 .041 1959 17.8 1530 2.7 .37 1.01 IV
7 .19 75.5 4.2 4.6 .154 2011 17.7 1501 4.8 .00 .018 II
8 .03 12.8 4.4 4.5 .144 1287 22.1 1045 6.8 .05 .090 VI
sheep1: ratio of sheep to cattle; sheep2: per cent of sheep in small ruminant flocks (relative to goats); Sheep flock: sheep flock size; CGL: Ratio of communal 
grazing land to total land; Cereal (ha): area of household cereal plot.
Table 9. Small ruminant sub-systems identified from eight clusters of households
Sub-systems
Agro-ecology
Grazing 
resources
Cropping pattern Flock characteristics
Alt. 
(m)
Temp Rainfall CGL PP
Cereal 
(ha)
Coffee 
(ha)
Enset 
(ha)
Cereal 
(kg/ha)
Sheep1 Sheep2 Goat1
Sheep 
flock
Goat 
flock
I. Sheep extensive  
sub-system 2524 15.7 660 0.11 0.09 1.9 0.00 0.00 295.3 0.29 70.7 0.13 6.7 6.7
II. Sheep semi-extensive  
sub-system 2352 15.8 1279 0.08 0.11 4.7 0.007 0.00 392.3 0.23 75.4 0.09 5.6 4.4
III. Sheep tethering/semi-
intensive sub-system 2593 14.1 1404 0.03 0.14 2.5 0.06 0.78 301.0 0.24 86.5 0.05 3.4 2.6
IV. Sheep-Goat tethering  
sub-system 1959 17.9 1530 0.04 0.07 2.7 1.01 0.37 356.4 0.17 65.0 0.09 2.3 2.1
V. Goat-Sheep extensive  
sub-system 1940 18.7 859 0.10 0.07 5.4 0.002 0.00 299.8 0.15 42.0 0.20 5.4 6.6
VI. Goat extensive  
sub-system 1287 22.1 1045 0.14 0.03 6.9 0.09 0.05 233.0 0.03 12.8 0.22 4.4 4.5
Sheep1: ratio of sheep to cattle; sheep2: per cent of sheep in small ruminant flocks (relative to goats); Sheep flock: sheep flock size; CGL: Ratio of communal 
grazing land to total land; PP: Ratio of private grazing land to total land; Cereal (ha): area of household under cereal plot. Enset: Ensete ventricosum.
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Characterization of sub-systems
Characteristics of livestock production systems can be described in terms of the relative importance of livestock 
in the agricultural systems, relative importance of the various farm animal enterprises, the producers’ flock 
management practices, level of input use and marketing strategies. The composition of livestock species, relative 
economic importance of the livestock species reared, and producers’ management practices including grazing/
feeding management are largely determined by agro-ecologies and natural resource endowments including availability 
of grazing resources. Livestock management practices, including feeding/grazing management, are also determined 
by cropping systems, particularly the intensity of crop production. Level of input use and marketing strategies 
could be determined by the role of livestock production in the livelihood of producers relative to the dominant 
cropping system in mixed crop-livestock production systems. Consequently, livestock production systems have been 
characterized in relation to the dominant crop types (e.g. Gizaw et al. 2010).
Spatial characterization
Spatial distribution of the six subsystems is mapped by extrapolating the agro-ecological and cropping system 
attributes of the sub-systems derived from the data used in this study (Figure 4). Sub-system I extends across the 
dry highlands and subalpine regions. Geographically, the sub-system is found in northeastern Amhara, eastern Tigray 
and the subalpine areas in Arsi and Bale zones in Oromia state. It falls in the highland cereal system. The wet/moist 
highland and wet/moist midland cereal systems mainly in Oromia and Amhara states fall under sub-system II, whereas 
the predominant sub-system in the wet/moist highland and wet midland perennial crop areas (mainly in SNNPR 
state) is sub-system III. Sub-system IV lies in the wet and moist midland areas mainly in Oromia and SNNPR states. 
Administrative zones where more than 50% of the cereal farmers also grow coffee were included in the mapping of 
the sub-system. Sub-system V and VI cover the dry midlands and the lowlands, respectively.
Figure 4. Spatial characterization of six small ruminant subsystems in the mixed crop-livestock system in Ethiopia (The 
white area is mainly the pastoral/agro-pastoral system). 
 
Importance of small ruminants and flock characteristics 
Sheep extensive sub-system (Sub-system I): Farmers in this system keep mainly sheep, particularly in the subalpine regions 
and in higher altitude zones of the dry highland region. Sheep constitute 94% and 68.5% of small ruminants in the 
subalpine and dry highland zones, respectively. The ratio of sheep to goat in the different geographic regions of Ethiopia 
mapped using woreda sheep and goat population data is shown in Figure 5. Sheep and goat flock sizes, respectively, are 
7.4 and 1.4 in subalpine and 6.7 and 7.2 in dry highland. Thus two sub-sub-systems can be recognized: The dry highland 
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and the subalpine sheep zones. Ratio of sheep to cattle is the highest in this subsystem as calculated form the data used 
in this study (Table 9). The agricultural farming system in general can be designated as a sheep system rather than crop 
system, livestock (predominantly sheep) contributing as much as 85% of the farm income (Gryseels 1987).
Farmers commonly keep large breeding flocks. The system is largely grazing-based. Although the designation of ‘grazing-
based systems’ is commonly or traditionally used for lowland pastoral systems, marginal areas which are unfit for cropping 
because of topography, low temperature or low rainfall are categorized under ‘grazing systems’ (Steinfeld et al. 2006).
The major output in this system is lamb production and as such the sub-system can be described as a ewe-lamb 
system. Lambs are usually sold as yearlings to meet immediate cash needs. Fattened animals are secondary outputs 
where only a couple of culled rams are fattened for a prolonged period under traditional fattening practice. The sheep 
breeds in this system are well adapted to the dry, cold and degraded agro-ecology, and produce meat and wool with 
reasonable productivity level under low-input and low-output management system. The dry highlands, particularly the 
subalpine regions, are agro-ecologically characterized as dry, degraded, and cool with frequent frost occurrence. As 
a result, cereal crop production is unreliable. Sheep production is a major source of livelihoods in these areas. The 
large breeding flocks could be a source of fattening animals for fattening systems in the lower altitude areas as well 
as yearlings for the export market if interventions to condition yearlings to meet the export market requirements 
are introduced. However, with the introduction of hillside closure areas for soil conservation and turning communal 
extensive grazing into cut-and-carry system is a challenge for keeping extensive breeding flocks, which are a source of 
animals for markets which require large number of animals, like the export market.
Devendra (1987) classified small ruminant systems in Asia into three: Extensive systems combining intensive arable 
cropping (with three subsystems: Roadside, communal, and stubble grazing; tethering; and cut-and-carry feeding) and 
systems integrated with tree cropping. Extensive systems were described as the most common system, where rearing 
ruminants is secondary to crop production, animals depend on grazing on available grazing areas. More than in the 
intensive system, probably because of access to plenty of grazing land, flock sizes are larger (1-15 herd) and goats and 
sheep belonging to several owners are run together and brought back in the evening. The system is also characterized 
by low input level (commonly unpaid family labour), and a generally low level of productivity due to substandard 
nutritional management where very little or no concentrates are provided.
Sheep semi-extensive sub-system (Sub-system II): In contrast to the extensive sheep system, this sub-system lies in the 
crop-intensive cereal growing areas with high potential for crop production and less communal grazing lands. The 
classification scheme adopted here is consistent with Notenbaert et al. (2009) broad classification of livestock systems 
in Africa which distinguishes between two mixed crop-livestock systems classes, one in which natural resources are 
extensively managed and the other in which natural resources can be managed to intensify, the later class being found 
in high crop potential areas. Farmers keep medium-size flocks, predominantly sheep (Table 9). Small ruminant are less 
important compared to Sub-system I. Due to limited communal grazing, farmers allocate some area as private pasture 
or hay plots. Supplementary feeding with crop residue is common, particularly for fattening animals. The high crop 
residue and a better availability of green fodder makes the sub-system suitable for intensification of small ruminant 
production with intensive fattening. The fast growing sheep breeds in this system, classified as long fat-tailed breed 
group (Gizaw et al. 2007), are suitable for intensive fattening. The wet midlands in this sub-system are particularly 
intensive cropping areas with irrigated vegetables and fruit production, as well as irrigated fodder production. Farmers 
in this sub-system practice semi-intensive livestock production with dairying and fattening being the major livestock 
enterprises. The irrigated fodder production areas in the midlands could evolve into intensive livestock systems. 
Sheep semi-intensive/tethering sub-system (Sub-system III): This is the enset-based system. Sheep are the predominant 
small ruminant species in this system accounting for 86.5% of the flocks. Farmers characteristically keep small flocks. 
Tethering is a common flock feeding practice due to high human population pressure and less communal grazing lands 
in these areas. A study in two districts falling within this sub-system (Menbere 2014c) found that grazing land is a scare 
resource and only 34.1% of the farmers own on the average 0.07ha of private grazing land. The study also found land 
shortage and population pressure as the major problems limiting feed availability in the area.
Characterization of sub-systems
Characteristics of livestock production systems can be described in terms of the relative importance of livestock 
in the agricultural systems, relative importance of the various farm animal enterprises, the producers’ flock 
management practices, level of input use and marketing strategies. The composition of livestock species, relative 
economic importance of the livestock species reared, and producers’ management practices including grazing/
feeding management are largely determined by agro-ecologies and natural resource endowments including availability 
of grazing resources. Livestock management practices, including feeding/grazing management, are also determined 
by cropping systems, particularly the intensity of crop production. Level of input use and marketing strategies 
could be determined by the role of livestock production in the livelihood of producers relative to the dominant 
cropping system in mixed crop-livestock production systems. Consequently, livestock production systems have been 
characterized in relation to the dominant crop types (e.g. Gizaw et al. 2010).
Spatial characterization
Spatial distribution of the six subsystems is mapped by extrapolating the agro-ecological and cropping system 
attributes of the sub-systems derived from the data used in this study (Figure 4). Sub-system I extends across the 
dry highlands and subalpine regions. Geographically, the sub-system is found in northeastern Amhara, eastern Tigray 
and the subalpine areas in Arsi and Bale zones in Oromia state. It falls in the highland cereal system. The wet/moist 
highland and wet/moist midland cereal systems mainly in Oromia and Amhara states fall under sub-system II, whereas 
the predominant sub-system in the wet/moist highland and wet midland perennial crop areas (mainly in SNNPR 
state) is sub-system III. Sub-system IV lies in the wet and moist midland areas mainly in Oromia and SNNPR states. 
Administrative zones where more than 50% of the cereal farmers also grow coffee were included in the mapping of 
the sub-system. Sub-system V and VI cover the dry midlands and the lowlands, respectively.
Figure 4. Spatial characterization of six small ruminant subsystems in the mixed crop-livestock system in Ethiopia (The 
white area is mainly the pastoral/agro-pastoral system). 
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Fattening of sheep and goat, either home-bred or purchased, is a common practice. Farmers in this sub-system use relatively 
more inputs, mainly purchased feeds for fattening animals. The area lies in moist highlands and wet mid-highlands. The moist 
highlands constitute 61.5% of the cluster in this study. Being mainly a perennial crop area, the major perennial crops grown 
include enset (61.5%), coffee mixed with enset and some cereals. The system is common in the SNNPR state.
Sheep-goat semi-intensive/tethering sub-system (Sub-system IV): The proportion of goats over sheep increases with 
decreasing altitude (Table 9). Three sub-systems were identified in the midland/lowland agro-ecologies. In the wet/
moist, mid-highland, coffee-based system (Sub-system IV), equal proportions of sheep and goats are kept (Table 9). 
Numerically sheep are less important than cattle. In this, farmers keep small flocks of sheep and goat, commonly 
tethered due to limited availability of grazing resources.
Small ruminant production, and in general livestock production, seems less important in this high value perennial crop 
area, the major cash crop being coffee. According to CSA (2011), in Oromia and SNNPR coffee growing zones, up to 
86.7% and 89.4% of cereal growing farmers also grow coffee, while 9.2% to 62.8% of the farmers grow sole coffee in 
some zones in SNNPR state.
Goat-sheep extensive sub-system (Sub-system V): In the drier midland, cereal system, the goat population is higher than 
that of sheep. Farmers keep large flocks, especially sheep flocks, in a grazing-based system with large communal 
grazing lands. The sub-system was classified as goat-sheep extensive system since goats appear to be more important 
numerically. Cropping plays less role in the livelihood of the farmers. Estimates of crop yields (calculated from amount 
produced and plot area under cereals during the survey period) are low in the extensive systems in general (sheep 
extensive, goat-sheep extensive and goat extensive systems; (Table 9).
Goat extensive sub-system (Sub-system VI): This system extends in the low altitude areas in the mixed crop-livestock 
system. Two sub-sub systems could be identified: the dry lowland system and the moist lowland system. In general 
the sub-system is where the sheep to goat ratio is the least, sheep accounting for only 12.8% of the small ruminant 
flocks. It is also cattle-dominated sub-system (Table 9). In the dry lowlands, flock sizes are higher (6.63 sheep and 7.94 
goats) than the moist lowlands (4.39 sheep and 4.50 goats). The largest proportion of communal grazing resources 
to total agricultural land in this sub-system is highly indicative of a grazing-based extensive system of small ruminant 
production. Cereal production is the dominant cropping system with the majority of the households clustered in this 
sub-system producing cereals with some coffee production in the moist zone. Crop production is unreliable with the 
least cereal yield (Table 9). 
Figure 5. Ratio of sheep to small ruminants (sheep/(sheep+goat)) in Ethiopia. 
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3.2 Part II: Determinants of input use, productivity and 
marketing characteristics
Input use
Variation between agro-ecologies and production systems in herd size, livestock productivity and livestock trait 
preferences of livestock keepers is well established (e.g. Zindove and Chimonyo 2015). The proportion of purchased 
inputs that are used for livestock activities, land area per head of livestock, and the proportion of livestock products 
and services sold are some of the criteria commonly used to characterize livestock production systems (McDermott 
et al. 1999). In the current study, there were variations among the identified six sub-systems in the level of input 
use (Table 10). Generally, use of purchased inputs/services was higher for small ruminant production than fattening. 
Percentage of purchased inputs/services that was used for production of small ruminants was higher in subsystems 
I and II, and lower in the perennial crop (i.e. Enset-based system, Subsystem III) and the cash crop coffee growing 
areas (Sub-system IV). Use of supplementary concentrate feeds was higher in systems where small ruminants are 
numerically and economically more important (Sub-systems I, II and IV), whereas as use of crop residues was highest 
in high crop potential areas (Sub-systems II and III). Percentage of purchased inputs used for livestock activities, among 
other factors, is a criterion commonly used to characterize livestock production systems (McDermott et al. 1999). 
Planned use of inputs could also indicate the degree of producers’ market orientation, which is planned production 
involving planned use of inputs/services with a market insight supported by market information. Besides farmers’ 
rational decision on use of improved inputs and services, use of inputs is also determined by their access to inputs 
and services. And access is determined by geographic locations and the natural endowment of the area. Thus level of 
external input use may not always be an intrinsic characteristics of a production system.
Besides the explicit influence of availability of inputs/services on input use, hidden relationships could also exist 
between producers’ socio-economic characteristics, their farm scale (flock size and wealth status/land size) and 
their level of input use. These relationships were investigated overall across the six sub-systems and separately for 
each system using nested design for some of the variables (Table 11). Although it was difficult to explain some of 
these relationships, the analysis clearly showed that there is a clear relationship between most of the factors studied 
and input use. Women-headed households used more inputs for small ruminant production, whereas male-headed 
households used more inputs for fattening than women did. Literate household heads used significantly more inputs 
for fattening, whereas those whose primary activity was livestock production used more inputs for small ruminant 
production. The data also showed that use of external inputs/services (as proportion of total purchased) for small 
ruminants decreases by 0.064% and 0.01% with one percent increase in family size and household head’s age, 
respectively. Although the relationships varied with the type of input used, there were significant tendencies for input 
use to increase with flock size. This would mean that producers with larger flocks manage their flocks better with 
improved inputs. These results are generally consistent with previous results from a study in the Ethiopian highlands 
where crop residue use increased with flock size (Jaleta et al. 2015). The relationships between land holding and 
input use was largely negative, probably since larger land holding could be associated more focus on crop production. 
Legesse (2008) also found curvilinear relationships where input use declined beyond four ha of land ownership. 
It has been reported that agro-ecology and cropping pattern in the Ethiopian highlands (Moti et al. 2015) and 
crop intensity-livestock density in Africa including Ethiopia (Diego et al. 2015) influence crop residue utilization. 
Analysis of producers’ management practice in terms of input use across the whole mixed crop-livestock system in 
Ethiopia may thus not be appropriate as there could be variation among sub-systems. For instance, the relationships 
between determinants of input use and producers’ decision on input use varied across the six sub-systems 
identified in this study (Table 10); input use increased significantly (P<0.05-0.001) with increasing flock size in Sub-
system II and III, which are relatively semi-intensive systems (See Part I of this paper). On the other hand, less input 
was used by producers who had larger plot of land in high crop potential and cash crop sub-systems (Sub-system III 
and IV). This may indicate that small ruminants are less important in these sub-systems, as opposed to the extensive 
Sub-system I where input use was positively related with landholding, though the relationship was not statistically 
significant.
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Table 10. Producers’ input use and marketing strategies and productivity of small ruminants in six small ruminant sub-
systems in the mixed crop-livestock system in Ethiopia
 
Sub-systems
I II III IV V VI
Input use
Purchased inputs for production (%) 24.346 30.528 19.03 11.607 19.736 18.1
Purchased inputs for fattening (%) 2.025 2.969 1.336 1.688 1.504 0
Concentrate supplement (kg) 0.339 0.567 0.151 0.182 0.275 0.006
Crop residue supplement (kg) 1.566 1.964 1.706 0.583 1.395 0.635
Marketing
Offtake rate 19.7 26.8 24.4 18.2 19 13.2
Young animals sold as % of total sold 8.9 25.8 32.9 20.8 11.4 12.4
Adults sold as % of total sold 55.5 44.7 55.1 47.3 43 31.6
Productivity
ARR (sheep) 0.369 0.362 0.339 0.244 0.436 0.301
Mortality (sheep) 0.147 0.08 0.067 0.253 0.109 0.122
ARR (goat) 0.382 0.491 0.327 0.18 0.454 0.367
Mortality (goat) 0.184 0.093 0 0.141 0.112 0.079
Marketing strategies
Degree of producers’ market orientation could be measured in terms of their marketing participation, for which 
offtake rates could be considered as a proxy. Variations were observed in offtake rates across sub-systems, which 
was highest in the highland/midland tethering sub-system and semi-extensive sub-system (Table 10). The contrast 
estimates calculated as deviations from the overall mean were 0.072 (P<0.01), 0.054 (P<0.05) and -0.115 (P<0.001) 
for Sub-systems II, III and VI, respectively. The high offtake rate in Sub-system III can be explained by the farmers’ 
small ruminant production strategies. Farmers in this system keep small flocks, some keeping only fattening sheep/goat 
and/or a few breeding stock which are tethered around the homesteads. The practice can be described as a planned 
market-oriented farm enterprise. On the other hand, the lower offtake rates in the extensive systems, where large 
flocks are kept, is an indication to an important saving/insurance/cultural function of livestock in traditional systems. 
The current data also showed that in general with an increase in one percent of small ruminant in flock size, offtake 
rate would decrease by 0.008% (Table 11). The decline in offtake rates with increasing flock size could be explained 
by disproportionate offtakes with the increase in flock size. This relationship also indicates that traditional livestock 
keepers, such as pastoral communities, use livestock as capital store as well. Thus increase in reproduction 
and flock sizes may result in increased offtakes, but may not necessarily translate into increased offtakes more 
proportionately to the increase in flock sizes, which is required for a positive relationships between flock size and 
offtake rates. Analysis of household market participation behavior based on the same data set showed that there 
was significant and positive relationship between flock size and the probability of household market participation as 
seller (Gebremedhin et al. 2015). The same study also showed that the effect of an increase of one head of animal 
to the flock increases probability of participation as seller by only 4.2%. These results show that although increasing 
flock size is necessary to increase market participation, the current flock size is so small that off-take rate increased 
less proportionately than the rate of increase in flock size.
However, we also found that the relationships between flock size and producers’ marketing behavior varied across 
subsystems as shown in the nested model analysis (Table 9). There was a tendency for a positive relationship 
between flock size and offtake rate in the intensive cropping areas (Subsystem II and III), which are relatively more 
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market oriented. On the other hand, farmers in the drier areas where large breeding flocks are kept tended to 
keep more of their animals for reproduction (Subsystems I, V and VI). This result is in agreement with Legesse’s 
(2008) findings where offtake rate was by far higher in an intensive tethering/fattening area with smaller flock sizes 
than in a less intensive production area with larger flock sizes.
Table 11. Producers’ socio-economic characteristics and farm resources/scale as determinants of input use and  
marketing decisions and variations across sub-systems
Purchased inputs 
for production
Purchased inputs 
for fattening
Use of crop 
residue
Use of 
concentrates
Offtake rate
Parameter B B B B
Gender -.342* 1.463 -.040 -.025 -.096
Primary occupation .236* -.485 -.075 -.199 -.023
Literacy -.077 1.763* -.055 -.195 -.121
Household size -.064** -.001 -.013 .009 .006
Household head age -.010* -.066* .001 -.012 -.002
Land holding (ha) .007 .065 .010* .028* -.006
Flock size .011 -.021 .024*** -.009 -.007†
Nested design
Land holding [Sub-system I] .016 -.402* .114* -.150 -.033
Land holding [Sub-system II] -.007 .072 .028*** .014 .008
Land holding [Sub-system III] -.086** .094 -.004 .031 .000
Land holding [Sub-system IV] -.162* -.386*** -.058** -.048 -.019
Land holding [Sub-system V] -.019* .016 .008 .040* -.013†
Land holding [Sub-system VI] -.051 -.180*** -.013 -1.553 -.027†
Flock size [Sub-system I] .002 .130* .013 .006 -.005
Flock Size [Sub-system II] .041*** .027 .019* -.008 .009
Flock size [Sub-system III] .073 -.222 .059* -.061 .025
Flock size [Sub-system IV] .106 .594*** -.034 -.072 .029
Flock size [Sub-system V] .005 -.043 .023*** -.023 -.012*
Flock size [Sub-system VI] .013 -.093*** .003 1.456 -.012
PP: Private pasture or hay plot. Stocking rate: number of small ruminants per ha of communal grazing land. 
*, **, *** Differences are statistically significant at 5, 1 and 0.1% level of significance. † Significant at 10% level of significance.
Productivity
The overall annual reproduction rate and lamb/kid mortality in the mixed crop-livestock system was calculated 
to be 0.39 lambs/kids born per year per ewe/doe and 11.6%, respectively. However, there was variation across 
the identified six sub-systems (Table 10). Reproduction was higher in extensive sub-systems with larger flocks 
compared to the tethering sub-systems which keep small flocks. Yet, mortality was higher for some of the 
extensive systems. 
Productivity could be determined by the genetic merits of the breeds kept, the natural production environment and 
availability and use of improved inputs/services. Producers characteristics, access to livestock development inputs/
services (availability of hay and purchased concentrate feeds and distance to veterinary services and watering points 
during the dry season), use of on-farm produced and purchased inputs, and farm resources (scale of production/
flock size and wealth status/land size) were analysed to see the significance of these production factors in flock 
productivity. Analysis of the gender and literacy status of the sample households showed that there were differences 
in some indicators of productivity between male- and female-headed households as well as between literate and 
illiterate household heads. Further, although there were no significant differences between male and female farmers, 
there was a significant interaction between gender and literacy (Table 12). Females who could read/write were better 
in managing the reproductive performance of their flocks as compared to male literates, male illiterates and female 
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illiterates. However, flocks owned and managed by women had higher mortality rates. Age of household heads and 
household size were also included as covariates in this analysis. With a unit increase in family size, ARR increased by 
0.034 lambs/kids (P<0.05) and there was a tendency for lamb/kid mortality to decrease with increased family size.
Table 12. Household head gender and literacy status as determinants of small ruminant reproductive and mortality 
rates
(I) Gender*Literacy (J) Gender*Literacy ARR1 Young mortality Adult mortality
[Male]*[Literate] [Male]*[Illiterate] .052* -.37 -.98
[Female]*[Literate] -.034 -5.32 -4.47
[Female]*[Illiterate] .031 -3.54 -3.31*
[Female]*[Literate] [Male]*[Illiterate] .087 4.94 3.49
[Female]*[Illiterate] [Male]*[Illiterate] .022 3.17 2.34
[Female]*[Literate] -.066 -1.78 -1.15
* Differences are statistically significant at 5% level of significance. 
1 ARR: annual reproductive rate
ARR was significantly determined by land holding, which could be explained by the higher opportunity of farmers 
owning larger plots to produce more crop residues and cultivated fodder and provide better nutrition to their flocks. 
The data also showed that mortality, particularly adult mortality, was lower by about 0.46% in farms which had access 
to hay. There was a tendency for producers having larger flocks to have lower lamb mortality but significantly higher 
adult sheep and goat mortality. The data showed that with an increase in one unit of sheep/goat, adult sheep/goat 
mortality would increase by 0.022% per year (Table 13).
Table 13. Access to inputs/services, use of inputs/management level and farm resources as determinants 
of productivity. 
ARR Lamb mortality Adult mortality
Parameter B B B
Access to inputs/services
Availability of hay in PA .023 -.012 -.457**
Availability of purchased concentrate in PA -.025 .245 .107
Distance to nearest veterinary service .000 .000 .001
Distance to nearest water source in dry 
season
.001
-.004
Use of input/management level
Crop residue supplement .020 -.030 -.034
Concentrate supplement .028 .030** .128*
Proportion of external inputs used for 
sheep/goat production
.000 .000 .000
Proportion of external inputs used for 
sheep/goat fattening
-.001 -.028** -.010
Farm resources/characteristics
Flock size -.009 .009 .022*
Land holding .014* -.002 -.008
Stocking rate -.002 -.00008 .000009
*, **, *** Significantly different from zero at 5, 1 and 0.1% significance level. 
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4. Implications and conclusions
System-specific interventions
There is a clear pattern in the variation of small ruminant production across agro-ecologies and cropping systems in 
the mixed crop-livestock system. This study laid the methodological framework for classification of small ruminant 
systems in Ethiopia and elsewhere with similar situations. Small ruminant production in Ethiopia could generally be 
classified into two systems (mixed crop-livestock and agro/pastoral) with the mixed crop-livestock system further 
classified into six subsystems, making a total of seven systems (the six subsystems and the pastoral/agro-pastoral 
system). One of the reasons for failure of livestock development interventions could be poor targeting of beneficiaries. 
The current classification is a strong indication for the need for stratification of production systems. The classification 
would inform the development of strategies and formulation of targeted value chain interventions.
The extensive systems
This classification shows the relative merits of the identified subsystems. It can be argued that small ruminants are an 
important source of livelihoods for poor people. This is because households with income levels below the poverty 
threshold have more sheep and goats and the number of poor livestock keepers is higher in mixed rainfed temperate/
tropical highland livestock system in East Africa (which could be equivalent to dry cold highlands in Ethiopia) (ILRI 
2002). The proportion of small ruminants to other livestock species and flock sizes of small ruminants are higher in 
the drier agro-ecologies, where poverty is also more likely to be more severe. The dry highland/subalpine and dry 
midland zones are unfavorable for cropping and, as such, farmers keep ‘large’ breeding flocks. The currently upheld 
tethering system in Ethiopia and closure of communal grazing areas could be a challenge for this system. Stratification 
of the grazing system (tethering vs. open grazing) may need to be considered to allow extensive grazing in such low 
potential areas. This stratification could include specialization of the extensive sheep system in the sub-moist highlands 
(particularly in the subalpine highlands) and extensive goat system in the dry midlands. The declining trend in grazing 
resources (Benin et al. 2002) and the increasing trend in livestock population (e.g. a 22% increase between 2005 and 
2008 in Ethiopia; Tilahun and Emily 2012) is indicative of an inevitable change in the extensive system.
The small ruminant development strategy may also need to consider the contribution of small ruminants to the 
livelihoods of smallholder farmers in the dry highland/subalpine zones and dry midlands. Trade in livestock and 
livestock products contributes a significant proportion of farm cash income, ranging from 85% in the high-altitude 
zone to 35% in the medium-altitude zone (Gryseels 1987). There is also the need for large breeding flocks to maintain 
the within breed genetic diversity to conserve the adapted indigenous genetic resources. Furthermore, the extensive 
breeding flocks are the source of fattening animals in the mid-altitude zone and of the export market which requires 
large volumes. The question may thus arise: Should the extensive system be abolished?
The options for production interventions in the extensive system could include genetic improvement of the adapted 
indigenous stock through selective breeding to support the livelihoods of poor smallholders in marginal areas. 
Selective breeding through community-based village cooperative groups could also serve as a feasible and sustainable 
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measure to conserve the adapted indigenous breeds. Another option in for this system may include commercial 
ranching using the local small ruminant resources or through crossbreeding for production of terminal sires for the 
semi-intensive system and prime lamb production (to be finished in the mid-altitude zone) for the local and export 
market.
The semi-intensive systems
The current results also indicated towards stratification and targeted interventions with regard to the high potential 
zones. Flock sizes are small in the high potential areas, including the wet highlands/midlands and irrigated cropping 
systems and perennial crop systems. Farmers could not benefit from reproduction of their small flocks, but rather 
from fattening. The characteristics of the semi-intensive subsystems should inform tailored production strategies. 
Extensive breeding interventions may not be suitable to the semi-intensive systems as it is in the extensive system with 
large breeding flocks. A controlled terminal crossing system using the meat type local breeds (e.g. Bonga sheep and 
Begait sheep and goats), as well as suitable exotic breeds could be a more feasible option for breeding intervention. 
Intensive finishing of local sheep/goat and crossbreds could be a focus for development interventions.
Determinants of productivity, input use and marketing
Characterization of the identified six sub-systems showed that there are variations in small ruminant productivity, 
producers input/service use, and marketing behaviours. These would enable to target interventions. We found that 
small ruminant productivity is determined by the use of improved inputs/services. Producers’ marketing practice 
also varies with their production objectives which includes more targeted production for sale, such as in the semi-
intensive systems or production objectives which also include livestock as capital store in the more extensive systems. 
Producers’ input use and marketing practices are in turn determined by their socio-economic characteristics and 
scale of production. There is high variation in small ruminant productivity and producers’ input use and marketing 
decisions across the six small ruminant sub-systems in Ethiopia. This calls for system-specific targeting approach for 
small ruminant development, as well as a value chain approach, in addressing constraints at critical leverage points 
across the value chain and targeting appropriate small ruminant producers (gender, literacy, etc.) for introducing 
technological interventions.
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innovations to develop high value livestock and irrigated crop value chains; it improves the capacities of 
value chain actors; it improves the use of knowledge at different levels; it generates knowledge through 
action‐oriented research; and it promotes and disseminates good practices. Project carried out with the
financial support of the Government of Canada provided through Foreign Affairs, Trade and Development
Canada (DFATD). lives-ethiopia.org
that are members of the CGIAR Consortium in collaboration with 
CGIAR is a global agricultural research partnership for a food-secure future. Its science is carried 
out by15 research centres
hundreds of partner organizations. cgiar.org
The International Livestock Research Institute (ILRI) works to improve food security and reduce 
poverty in developing countries through research for better and more sustainable use of livestock.
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with many partners for a food-secure future.  ILRI has two main campuses in East Africa and other 
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The International Water Management Institute (IWMI) is a non-profit, scientific research organization
focusing on the sustainable use of water and land resources in developing countries. It is headquartered
in Colombo, Sri Lanka, with regional offices across Asia and Africa. IWMI works in partnership with
governments, civil society and the private sector to develop scalable agricultural water management
solutions that have a real impact on poverty reduction, food security and ecosystem health. IWMI is
a member of CGIAR, a global research partnership for a food-secure future. iwmi.org
